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(54) AUTOMATIC TRACKING LIGHTING SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an automatic 
tracking lighting system which automatically tracks a 
target for illumination and projects light. 
SOLUTION: A spotlight 1 is placed on a ceiling surface 
13 free to rotate both horizontally and vertically, and a 
horizontal drive means 3a varies the horizontal angle of 
the spotlight 1 while a vertical drive means 3b varies the 
vertical angle of the spotlight 1. A CCD camera 4 
photographs a target 8 for illumination in an illuminated 
space 9. An image recognition system 5 processes 
images of the CCD camera 4, identifies the target 8 for 
illumination, and specifies its coordinates. A coordinate 
computing device 6 computes the amount of movement 
of the spotlight 1 from the amount of movement of the 7 | 

target 8 for illumination. A movable control device 7 
converts the result of computation by the coordinate 
computing device 6 into drive signals for the horizontal 
drive means 3a and the vertical drive means 3b and 
outputs the signals to the horizontal drive means 3a and 
the vertical drive means 3b to rotate the spotlight 1 in a desired direction. 
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10, — >Hp&*W-#- 8 ^ 9 ¥jjm&®n, M^f«-W^S 

12. — w*#ij^9 io tfM.wmm, mrfc&^&&> 

13, -w^. 

ft*Mlt»#> ®^4^«; -^*Fie^J«. ^i^W* 

is, -^M'j^-^13 mm&&> ^^^um^m^s-mm 
i6, -A^m^ummi^, ^f^*i«iwi 

3L 

is, ->h^^^ 13 mmvt&> 



T5$L BJ§ "t? 



mmmzgr, . a^e^M^o soh6433803 ^^i—^m^nm^. * 



m*, 9 ^e^^Hf-^'] HEI 6-260002 4Hf 7--*W*J, ^^-£$LMjfc 
HEI 5-46041^7— WM*. iMm^^-JSM^Amm-m^ik^ 



at 

© 3 jM^J^iafc*** CCD ^^L@«6#.-^^ &&fJ&>*3 gtPU4U^I^ * 



® 7 za^im. ccd mnMmmm.^®tf)tm-, 

m 12 ^^±&%^m$m.w^5jmM i#tf#Miw^ ; 

® 14 w^l-s^ 

m 15 A-hi£i&^ CCD «H«-^^-L^^®; 

m i6 ^A^jiii ccd t^ti^ n t&az\&%& &mmm\ 
® n AA^^^^^^m^mmm\ 

m 21 ^^mm^n^m^m^j^m^m', 

m 22 ^^^^^S^fSJ^^^^it©; 

S 23 ^iS^^j^^£^^^®^1t-«; 

© 24 Ai)t^iL8JM^Jll^^^^!l^^^*S; 

ffi 25 ^t^^«^7F^^^S; 

© 26 ^^^^fie0^^||f^-^^«J^^^#©; 

® 29 A^%^%m$my?mm\ 

® 30 Jii£^&#']#4tM>^ ®; 

® 31 Ji^^^J^.^Mf#^^;^®; 

© 32 AA^-t m^iM^-mi-mm-, 

® 33 AilBj_m^»j^ft^iS; 

m 34 A.^^-tii^«'J^ft^ ® ; 

© 35 A^^-mm^m^mm m-, 
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b 36 ^^^%mhw%mm m 
® 37 ^^B-%m\$mmm & 
m 38 &%^w%mm&mmm\ 

m 39 *4^**feW*f^«WJ3 B; 
m 40 jm5-t-jL#MfeW«WB; 

ffl 42 ^+^*y*]<Hj«; 

B 43 AJ^»#'J#4f 

© 44 AJ^L^^i^mtm m. 
© 13 xm^mft$&#i&jm i , #^wwt»#&ft 9 tmmmt* s ; 

On&JLliJtM 1 J&^iSpK-M ( PAN ) tiW&&$3.3*; — ^ 
gJtM 1 fl&JESJtiMy* 1 umprtij&SJh ( TILT ) &j-g£$M 
3b ; — >HKX^.fefc» 1 ^W*#*5MLR&i3 1 

mm B # 8 j£#; -^NffliiJM 

^mgj&M. 3a 3b fti&tmimh'fe-fs ^mzit-ftk&o-^ 

m*h$LM. 3a ^jM^LX 3b . 

T^##@ 3^4 -SUB* % itom%mM%£r#}&ft. 4RSt CCD #?H^4 tfj 

xnmmMJL tefr&x&fa. 
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i ) #m. ccd mm>m^ifim%it^$u&$t&t j f, m^m^m^mm 

Ste'W 5 it.i^#--#t^i^^#.#^ ( 8 # 8 ) 1# 

Wti&MW n # 8 ^ CCD $bfc$U ^MU^H^ft 4i ft/^JMiMlbf-^ 42 t'^j 
ft A ) CCD »0#L4 i^m^Ahm^^J 4z ¥}&X^H, &M*8 £)#8 ^ 

^ 1%&^^7nki&) e v mmp^ : k&?h$JtM 1 . -ffii^CCD#^4 

6 P =tan l (n x /f) 

&4kMjmh$L% 3b tfi^^mmit^, #jb^JM-w&%3. 3a ^j.^ 

CCD 4 6^ ®m&&¥-& 42 ^ t '^Ml^Bt, "r^^J^ff 7 

^m^LS. 3a ^#JL^«. 3b mz$MM-, W&ft&JtM 1 ^,Wl3r ft 
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,£j^l*$*jLJ«3&£A3b; — ^«CCD#.^4, i£ CCD 

im^t^-m^^m^^x 3a 3b . 

SEftJM-® 6M-I0im &^Mm!««*W. &^.#CCD 
^mUt, 3l&te.*jfc» 1 ^ CCD #.^4 4r3L&jMt&L 13 -L^#L 
0M^Mmtm^m^r 5 B##teJL^, ,*JtM 1 3» CCD 

$i#^#£#rite«J^^ 1 CCD $MB#14 W 

%m93\®®Jti$$UJiM 1 ^ CCD 4fcNtf&4 ¥)MfoH, ^Bt,#jfc» 1 ^ 
CCD #.^4 B^CiJt*HfrS|:fe.&* 
& 1 J&^iS}^?, ®*t^JH^.&&^ 1 ^ CCD Wf%&>4 ¥}4z%J$-3M& 

4jUtbS3M^®& fj CCD » 4 ^ m&, B # 8 %-m%£rM 

#. **ffl7J3t*. #5iJTW^Il#8^i : -S#4^l J i L ^4 2 t^ 

# ( Xti > Y tl , 0). ^il«?X, i*Jto**MB 8 # 8 fl^mfl^Rl 9 S^&W #- 
s^fa) _L, Z ^Nfct^? 0 . ^LiS^t CCD m&JLA ¥}Mfo% ( 0 , 0, 0. 
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Z ) , &JtM 1 ttJt*Mf ( Xs, Y s , Zs). 
Xt=Kt x 5Qi 

Y t = Ky * Yfl 

jfe. ,£Jk« 1 ttJMfcA. ( Xs> Y„ Zs), 1 %¥)&mfi ® # 8 

m&TF% ( Xr^s Y r Y s > -Z,). i *hnwim8£«i 9 &&&±tf}mi 

A ( Xs., Y a > 0)» a ^ 9 8 ^JEl L ^i^Tiif^ 
I^( ( Xt-X.^+CYt-Ys) 2 ) 1 ^ 

mmwtn l , l e p^#JU§ e t T^^T^')^ : 

6 P =cos- l ((Yt-Y s )/L) 
6 ^tan^Zs/L) 

^#l#3b^ J N&tfr£JL 3a ^JL«&&&#3L 3b 6«^Ht-f\ #4«4tW&^ 
3a ^JJ8S#ilUL3b. *-fW$J$$. 3a *^fcW3&3fcI. 

3b^K^-^^^ e p ,Mofc^v*MJfc e t $&)#JtM i , 1 

*4fcJ8Uifl S # 8 ^^#Bt, ^fWW 6 B # 8 m$^^% 

^?^S. 3a jf^JJfcsfcgX 3b , miill«^^9#8. 
( ^^.^«J ) 
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^m^Am^MM'h^ ccd mm 4 , m^m^M^n 9 1« a# 8 ^ 
m&> ~^m^%^M&%sM&<s\Qs m ccd m^4 mmM.*m^ 

CCD #^L4 ^ H) # 8 #^*m»;3 IH # 8 ifiM*; — >NW# 
~%*%^\\%^3JftMm%M®r 6 , 5 t^M B ^ il # 8 

m^^fe^ftM*®- 11 t CCD 4 ^S^^b5-i^it^Jt^ 1 jf» 

CCD«B^L4^#^* 7 , 

6 ^4W^*A*^«^iML 3a sM*jDBfc3fr£JL 3b #%3fr*LfiM»5& 

##^^t -r^^^-f 3a ^-xm^^s. 3b ; ^— ^my?%~ 
m-&^mmms&m^m>&® n ^13 

6 ^if#£MM& CCD 4 fit g^6#^T^**M£ 0 # 8 

®& ocDm^^^M^mmm^^^^^tn t. ccd«i 

#,4 e ^ ( t ) jf*MJ& e ^t)itiiIM££ iofaWF%&mm 12 

^ y#*^s 13 $f\^^7T^m^"k^\% 3Lmmm?r&} ( 6 ^t), 

e ^(t)= ab^+s ^t-i) 
e ^(1)= a 0 ^ e ^(t-i) 

■km 13 1 ^CCD^B^4*^^^^|9T 9 Mj^-t-St, 

/^CCD#.^4 mt&%M&-tft& ( 0, 0, 0 ) HtkMM § # 8 #>SE& U 

*rm ccd mm 4 e ^^t^w^^-- 

^ZJtanCe ^t)) 
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Xt=Lm ' cos (6 ^(t)) 

Y t =L m -sinCe ^(t)) 

#U8t#^U» 1 ¥]jm%. ( Xs, Y s , Zs), JS'UUjW 1 **W/R»J3 
9 # 8 ( Xt - X,, Y t - Y„ -Zs), tf>Ak.£JtM 1 ¥)J^&M&MM 2 

JaJ 9 ^jfcfl&Ji^,*, ( X, , Y s s 0)f iJ^MB^ g # 8 S^EE$ Ls T^lT^^^i^ 

L s = ((X r X i ) 2 + (Y t -Y s ) 2 ) lj2 

Ls, i © ^ e ^^fc^^M* 

e ^^cos^CYt-Ys)/^) 
B ^tan^Z/U) 

i e sp e ^r#^7W 
^%—%mmM^mt^m&^^m^M. 3a ^jaw*,*. 3b , « 

*Ml§i&>N&fcW, CCD 4£*f#L4 ^^l46#^ri%^P^«^ S # 8 , 

jtb, ccD#^L4^4A^^j#r^4^. mtt, %mwn 

8. 

# CCD #>5C^#£flJM6*i*»tf B#. 

%k&Xtfl CCD #*l*rt. 4a ^ 4b , «J2iU^^W9 t46*Sk«93B#8^H4fe 
m^%^M$J%L$Jb&'$S 10a ^ 10b , ^) #4fcte&a$ CCD #^u4a ^ 4b 5p£ 
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> « 

• ^ - - • ■ ■ «•■ ' ' ' 

«J$£!#8#^; /WML^^ftW^')^ 5a ^ 5b , /fl-H£ffl& 
ftm^&M.gL^ CCD m^JL4a 4b fbm®M3)&M*Rtfi B # 8 , #^'J#. 
K^il#8^^ W#~##3MLtf,&#^#W 15a ^ 15b, im*® 
##J-g|*fr 5a 5b ^W^tm^ B # 8 m^^^g- CCD »i$L 4a 4b 

# i5a & i5b m\%$kmfc&m -r^m^^ ioa ^ iob ^t-^, 
^m^?wmi , m^m&ccvwm^tefa^wmm&^u — ^ 

J^^t^W^ 14 , $ -HW^^H-^-^Mt 15a ^ 15b fr%y&&M*> it^#L 

10 #M^#*Wf 14 m\%^%^&&^#r^Vc 1 1 CCD ^PPMa jfc 4b ^ 

^7, ^ i+^^M+ 6 mi\^m$^^m$1%L% 3a #*#jDiK3M£t. 

3b #>»-ft-f &mi^m&^^mdl%LM. 3a fc%Mm%LM. 3b . 

T 14 J. 16 tj ^m&M*M$&tfl$kft. CCD #bfc 

is #L 4a 4b «^ 10a ^ 10b £^5>] VX%% 2. ¥) tbmtm& 
*L^n^-H^. & ^Eii^ t CCD m®fa 4a ^ 4b 

Yna, Z^,CC3)^b^4a^r7]c-f.^e m j p ^r#jL^6 mlt , CCD*fcte*Mb,& 

20 0 © > ccd 4a ^ mmmjf&^tM 

X=t • cos (6 ^t) • sin(e ^ -(Al) 
Y=t • cos (6 ^0 • cos(e ^p) -(A2) 
Z = -t • sin(6 + -(A3) 

25 iSM^it ccd i^^l 4b ^ mmm^fa&MM&TH^£4^-- 

X=r • cos(e ^ ■ sin(9 m2p ) + X in2 ~(A4) 
Y=r • cos(e ^ • cos(6 m2 p)+Y ai2 ~(A5) 
Z=-r • sin(6 ^ ^Z^ -(A6) 

30 ^ ( Xt, Yt> Zt ) , HAfes itiiiS^ll^ ( 1 ) J. ( 6 ) 
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t = (X ni 2 • cos(e vad-Yrrz • sin(e m2p ))/[cos(e ^t) 
x (sin(e mlp ) • cos(e m2p )-cos(6 m i p ) ■ sin(0 n^))] 
g&J&^g&K^ ( l ) J. ( 3 )Bt, M&m&fc 8 #>^* ( XU Yt, 

X»=t • cos(6 mit) • sin(e ^ 

Y t = t ' C0S(6 mit) • C0S(6 mip) 
Zt=-t • sin(0 miO + Zml 

mt^w±J^L^m^m£MtfX&, zr&mnnfaWMfo ( xt,Yt, 

Zt), E££W*h«#~&&i*]#tf«, ^^6^1^* 1 

jus m^i, f^l^ 7 6 ^-H-#^^#«^f-!K^ 

J. 3a sHMWSfriHtJL 3b m&ftlt-f, ftte&^%&H^m$)%3. 3a #»#Jl 

3b. tmnk^s. 3a ^i.^^ 3b &-"mm.mt^^ 

t = cos(6 ^ ^(z^-z^y 

(sm(e ^t) • cos(e ^-cosCe Mt) • sin(e Bl2t ) 

3* 5b g»W^>^ 1 W&^FWt^. 

Tffi##^S 18 J. 23 ^^^^JL^^tj^^aj^ll, 24 
25 WjJ^&fcifc}, 26 21 ?m%Az&m<l «P^HH28«^^A^fe 

-w. 
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&® 1 8 t . *H* 51 iM*!** 51 &$JrXfa 51a Jl«#- 51b , 

51 . l&sWf 52a ^ 52b #*;MTitt^ttt*#*M* 54 *^A#«&5Wir 
•fSfcfffftfr 51 jMK^W 52a ^ 52b tOL&#£*£$~£#J&-£p. 

#51aWtvM?> ^fW©^6^5-^^*51 ftttJ&^tWf, «^<Jt 
# CCD NTSC 4St*$L 53 # 1/30 *M 1/10 #>#M^Htf<3] jS) RMk 

gtiU£&i&6*M*, ##46#.®#^*^t^tm#->t54. «a*L53«#- 
^IW, JMfcWt* 53 

t^b^^ 54 >h@WA^5^F# 54a , — >HHfr 3>t##ft 54b 

54c . mk*-%&m> —^&^fe^r&M^m 

NTSC ^^f^^^^A.if#4n^#t^^#-^54. 

mmk^^m^- 54a #Mig.^L 53 *fr^#*W^*#J Jt^MfcX 55 , 

JLtjM£X 55 * CRT JL^3W&& JUftpffl 20 JSfr*. tiVft— ^3LfcT*L 
i^^^S^ 53 A fr— >HMt«^4S*J*«WW^ ©fiSUi 

B. 

^g. a y&msL-frmto. S3 > #*t*MrA4ts: 56 ^mwMm^m^m^^. 

^#^^#T>^i 56 55 J^6«ffl4WL^E A 

S3 -UKf.&flt, ^fifM 54b if#*T^ 51 

4T*^l||S#*F# 52a ^ 52b 54c if W fit* 
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*frX3L£ 56 jMLifcfci 55 &m>] t **b£4ML 54 , t**fc**>fc 54 
52a 52b . W®*tt£&®) t :fc*h*g#-7G 54 . 

-re^s 21 #a 22 im^m%%tm^%L&^m^ S3 -t^.&Ht, 

l*NfcNlfr< 53 #|fcftjfttf S 0 ( :*gtff$L 53 t^J— ) 

Si Ji^ S^W^f" tf^L 53CCD S2_h. 22 

nM&tm^& S2 Jitfj BfllgJLnyfcl. 55 ftfcf68W*JL^& A t# Jbr 

^-fJR^S^ mMMmm& SI , ^Lf^S2^ 7 F»S3^faJ^_bii 
^3*t,& 0 MLttl Dx^D ^ Wffl^it*. 0 fc&Mmmh 
SI , S2 J*)^^, 0 * n 9 [mm]^I« Kx 

-frm 20 #H?, ^®#-S3 &XM#M&fcjt ( 0 , 0 ) , &i-p)#]m*%. ( Xf , 
Yf ) , #^,&0"t'^Ji#fri- ( Xf/2 , Yfi2 ) . 

#Li&, >S20^, ^^1. 55 ^J^S#-S3 JttfiA P ( Xp,Y#2)&^ 
J?'J® 22 tW^Jt^H^S3 J^lf/t&P PQ«^M«<5 X 

^ ( 1 ) : 

*.-*-(*) 
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$ X p , S2 JLm&ftjMfat&M n ( 2 ) #ft: 



ft: 



X^Ji-f »*MHHtP X ^^*^S3 JL*A,fc<^»#■f■ 
T3M*^@ 23 W3£1NWW* 54C t Kx Ky 

tfU^ffi*W$$Hfr*a X 4WT*51 53 23B 

i|NfcH-4W* 54C ^^^^^f-- y H^^^^t^^#^* « x # 
itfMHL 23A , *#*t1T, 0"*r^->h*^A^^p*^«Ma. 

(X^Y,). Jtf£v£#, m^53&%^$J$i%&}, 4fcY 4 ^3Mb 

( Y/2 ) . 





(1) 
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Xa~Xq-£*-) (2) 

#^*a x J&^-f© 22 P x^*t&> n 22 

^^#^®S2_h^^f«n«[mm]> #JEf BUtfHHta x> T&Ti^& 

"a 

na - /-tana, 

a:, = - * a (3) 

* /-tana, 

54c i\%¥rmmmL ^m-^mmx, iztmm^ 

#54C «*#3&*a y |&iP»l ^i+####^#^bKy. 

= -r~ (4) 

/ • tan a T ' 

*faj^ Kx. Ky > ftM^fa S2 J^9^E&^J^fS#- S3 JtSfcfci 

ft 

&w®fa 53 is^wRj fsj mm#i m 20 1 

^#^L©^m^E A rt*MLi*HWt.S3 , ^ft^^^f-S 20 iL^£JL 55 t 
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IWHW-JWfr 54b 

54b X ^!#3^ Y ^JitoM&JLi^,£ 0"4J*J##|*fr*Mk ##i**£#ft 
A#3. (5)^(6) it^^^#^#^*^^M^#^#^*. #^7 

i>+JWf 54b ^^mbiit^m^-it^m & si* 52b , ^ 

52a > 52b #4l^«^^Wfr*J"* 51 , M^f^W>«^^l^ 

51 . 

^^t*i»AJ^f .. 55 55 

^ »53 _l<#— m-^wm^^i^*^-^ mm&%&% 

JE^ S3 Ji^^^^t^^^E^xa^-^Bj £ RJ t ^34. 
53a. 
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ft M-^tSW^^S *MMfl#JL 

m^mm^^^M-^ 54 ti^s^^W- 54a > tkt&M. 54e , 

*MHtetfU^##X 54f . 

54C «i+ #^#^b K x ^ K Y #^*T* 51 ^ 
544 27A #f7Ft#&^MtS3 0"^ t'^^M^K^ftA^^ 

>®27B#MV, 54e iiit^Wt^W 54c vM^'t a X M,& 

^^#.^i+^^54f-H-^fc^a^t«^Q ( X^Y^JM*^**!* 

ifcft 54C /A^r^#- S3 Ji^,& 0"^ &#^>£JL##$L 

5: 54f Q *Xf^MJE^^^fa x #pa y i+##-^bK x ^K Y . 

( 3 ) jM^#&*& Kx^f"^ ( 1 ) 
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0 x = Xsm-\— •*-) 
K x V 
f \ 




X5$J%£M^ J& f &t$t%t& K x . ^ 22 #f^> ( 5 ) & 

tan a v s _ 

/?, = tan' 1 (7^ • ' ) (6) 

a a 

mfc, IN&i+^Wt 54C (5) t^tancc>/Xa^tanayYa 

m^t. %&mm&r&#, m\%^%\k^m^ m^r^tm^^mm 

8t^UE^^Wt.t,. ^A^^^FMH'&fft, ^W^CS#^<fc, 
JU£#^?^*^^S^ S3 _b^^£^^^^^^#5'J#^b K x ^ 

K Y . 

^^^iM!^^^m^^SBMUA^ SI S2 j*£-#&Ji 

— ^ CRT JL^*J!HfcJMMftE55, — ^MM^Jk W 

^L^n^m-im^ m^M^^B^ 
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